Lubricant composition and lead in gasoline were chosen as two major factors for the formation of intake valve deposit during operation.
build-up at underside of the intake valve was also reported13), 16) , where the temperature in the engine will cause various problems and loss of efpiciency.17) Using a bench engine and a modified Panel-Coking test apparatus, which was developed in our laboratory, the tendency for formation of intake valve deposit was studied by varying the lubricant composition (mainly V. I. improvers) and the lead content of the fuel.
Experimental

Crankcase Oil
Crankcase oils examined in this study are listed in Table 1 . All these oils were prepared in our laboratory based on typical formulation recipes of the respective grade oils in the market. Thus, each oil contained in addition to its V. I. improver as noted in Table 1 , appropriate amounts of oxidation inhibitor (di-alkyl zinc dithiophosphate abbreviated as ZDDP hereafter) over-based detergent, ashless dispersant and other additives such as rust inhibitor, antiformant etc. In Table 1 , A represents SD (single grade), B represents SD and C, SE in API Service classification. From D to K in Table 1 , they are all SE grades but they contain different V. I. improvers.
Gasoline
Four grades of gasoline employed are shown in Table 2 together with their sulfur contents and distillation data.
Bench Engine Test
Commercial engine (4 cylinders, 4 cycle) was employed and test conditions are shown in Table  3 Fig. 1 . This is a modification of FED. Test Method Std. NO. 791B Method 3462. The aluminum panel (2) on a heater (6) to an appropriate temperature which was registered with a thermocouple (5), embedded in the panel, and controlled with a temperature controller. Oil sample was introduced at top of the panel through a mini-pump, (1), with which the rate of sample throughput could be adjusted. One test normally required ca, three hours for completion of a test after which the deposits formed on the panel were carefully removed and weight to milligram.
Deposit Analysis
Finely ground deposit was dispersed in 50ml of CHCl3 and centrifuged, followed by filtration to separate the "CHCl3-soluble" portion of the deposit. This portion was further analyzed with GPC (Nippon Anal, Ind. LC08) and IR spectrometer (Nippon Bunko 1RG). Microanalysis of deposit was carried out by the Analytical Dept. of Tonen Central Research Laboratory.
Results and Discussion
Effect of Lead Content of Fuel on Intake
Valve Deposit Bench engine test results are shown in Table 4 . The variation of lead contents in fuels ranging from 0.0 to 1.8 TELml/USG resulted in no significant effects of lead on the quantities of deposits formed in these engine tests although it is obvious from Table 4 that concentrations of zinc, lead, phosphorus and sulfur in the deposits increased (4) Hypodermic syringe (5) Thermocouple (6) Panel-heater with increasing lead content of the fules studied. The use of a fuel containing more lead appeared to give lesser quantities of organic substances judges from the carbon content and amount of the CHCl3-soluble portion of the deposits.
Reasons for this are not entirely clear, but it is possible that lead catalyzes decomposition of organic substances and/or interfere with the accumulation of organic substances in the deposits.
Gel permeation chromatogram and IR spectrum of the CHCl3-soluble portion of intake valve deposit are shown in Figs. 2 and 3, respectively. The CHCl3 soluble portion had an average molecular weight of 600 (calibrated by polystyrene) and exhibited a pattern of IR intensity almost identical to each of the others in all four cases, i.e., having a broad band in the carbonyl stretching region.
Effect of Lubricant
Viscosity Grade on Intake Valve Deposit Engine tests were carried out, using three crankcase oils of different viscosity grades. The fuel employed in these tests contained 1.8ml TEL/ USG, and the results obtained are summarized in Table 5 from which the amounts of intake valve deposits produced in the tests correlated very well with the viscosity grades of the crankcase oils employed. Oil A (single 30) gave the least amount of deposits (0.85g), while oil C (10W-50) which had the largest amount of V. I. improver yielded 1.94g of deposits. This in turn suggests that V. I. improvers play an important role in the build-up of intake valve deposit. This suggestion was supported by the observation that CHCl3-soluble portion of deposits from oil C exhibited a somewhat different GPC pattern from that of oil A, as shown in Fig. 4 . Further studies of this portion by GPC, IR and microanalysis showed that CHCl3-soluble portion of deposits from oil C contained ca. 14% of higher molecular weight which was probably due to the V. I. improver present and ca. 11% nitrogen-containing substances (av. M. W.=1,000 was probably due to the ashless dispersant: moreover some low molecular weight components (av. M. W.=300)
were found common to the other two deposits from oils A and B.
The lead content in the deposits was found to decrease in the order of oil A>B>C, while their nitrogen, carbon and hydrogen contents increased in the reverse order. Although the IR spectrum of the CHCl3-soluble portion of each deposit was essentially the same, the individual GPC patterns were dissimilar from each other as shown in Fig. 4 .
Modified Panel-Coking Test
The modified Panel-Coking test was developed to investigate the tendency of deposit formation with varying lubricant composition, and its experimental arrangement is shown in Fig. 1 . The overall test conditions were carefully chosen by taking engine conditions into account. Some of the results obtained in the preliminary experiments of the modified Panel-Coking test are shown in Figs. 5 (Panel temperature vs. Deposit formed) and 6 (Rate of oil-supply vs. Deposit formed). It turned out that both the panel temperature and the rate of oil-supply seriously affected the formation of deposits, indicating that optimum temperature and rate of oil-supply exist to maxi- mation, and by using these data the contribution of each component in the deposits can be estimated. This is shown at the extreme right in Fig. 9 , showing ca. 1/3 of the deposits derived from the base oil, 1/5 from the detergent and 2/5 from the V. I. improver for oil C (10W-50). Similar calculations were carried out for oil A and oil B, which contained different amounts of additives. The results are shown in Fig. 10 together with those of oil C for comparison. These calculations were made based on the assumption that the total amount of deposits is given by the sum of the individual deposits derived from each component in the oil. The deposit for each component in the oil was determined from the dissolved component in the base oil using the modified Panel-Coking test. The deposits thus obtained in the binary systems were then normalized to give a contribution coefficient for each component. The amount of deposits for Fig. 11 from which it is evident that the amount of deposits formed depends on the net polymer concentration and not on the type of polymer. Thus, it may be said that concentration of the V.I. improver in the oil should be low for suppressing the build-up of intake valve deposit.
The use of a V. I. improver at low levels of net polymer concentration but at which better temperatureviscosity properties are still evident is most desirable, although this consideration should be weighed carefully against any deleterious effects on the quality and performance of the resultant oil. Build-up mechanisms of intake valve deposit were not all discussed in this study, but it appeared that both oxidation of base oil and degradation of additives, especially, V. I. improvers were probably the trigger of the initial step of deposit formation based on the nitrogen content of intake valve deposit and the results obtained in this study. We do not want to commit ourselves to comment further on this problem, but to confine to pointing out that D. T. Roger et al.,17) and E. Dimitroff et al.,23) proposed simular mechanisms in which degradation of the base oil and oxidation of nitrogen-containing compounds were emphasized.
Conclusion
To investigate the influence of lubricant composition and lead content of gasolines on intake valve deposit, a modified Panel-Coking test was developed. The results of this test correlated well with those of the bench engine tests whose results also showed that lead content of a fuel had insignificantly affected the total amount of deposits produced. On the other hand, lubricant composition exhibi- 
